Aim-To develop a polymerase chain reaction (PCR) for the specific detection of the C protein gene in strains of group B Streptococcus. Methods-A single primer pair derived from the nucleotide sequence of the IgA binding a) antigen of the C protein complex permitted the specific amplification of a 592 base pair DNA fragment from the C protein gene. After 35 cycles of amplification this product could be detected by agarose gel electrophoresis. Southern blot hybridisation confirmed that this product was the C protein gene. Results-PCR detected the C protein gene in 75 (63%) of 119 strains of group B streptococci analysed. The product was not detected in other Gram positive organisms, showing that this PCR assay was highly specific. The sensitivity of the assay was satisfactory to a dilution of 1 in 10 000 of extracted DNA. Conclusions-The C protein of group B streptococci is associated with neonatal sepsis. The specific detection of the C protein gene by PCR may help identify which strains are likely to be associated with infection by the organism. (C Clin Pathol 1993;46:633-636) 
Group B streptococci are facultative Gram positive organisms with an ultrastructure similar to other Gram positive cocci. ' They may cause serious infection in adults,2 especially in post-partum women and in diabetics, but it is in the context of neonatal sepsis that the most serious consequences of infection occur.' Infection in the first seven days of life (early onset disease) results in septicaemia, pneumonia, meningitis and more rarely, osteomyelitis.4 Late onset disease (7 days to 3 months of age) more commonly results in meningitis.5 Risk factors for infection are known to include prematurity, prolonged rupture of membranes, and maternal fever during labour, in the presence of vaginal or rectal carriage of the organism. 6 Immunity to group B streptococci is associated with the presence of antibody against the six well described type specific capsular polysaccharides which form the basis for the current serotyping system of the organism. 7 We recently developed a typing scheme based on the separation of radiolabelled proteins of the organism. 8 There is evidence that antibodies produced against protein components of the organism are also important in conferring protective immunity.910 In particular, antibodies to a protein complex consisting of four antigenic components (a, fi, y and 5), known as the C protein complex, have been associated with the development of protective immunity." 12 Part of the C protein complex consists of two distinct acid extractable antigenic components, the a antigen and a fi antigen, both of which are expressed on the bacterial surface."3 It has been suggested that a and fi antigen positive strains are more virulent in the context of the complex interactions of immunoglobulins, complement, and polymorphonuclear cells and that these strains are more resistant to opsonisation and to intracellular killing. C proteins seem to contribute to resistance to opsonisation and intracellular killing by phagocytes.'4 About 60% of group B streptococci isolates of human origin contain the C protein complex and there is increasing evidence that the complex may contribute to the virulence of this organism. '5 The Internal primers (Int GBS; 5'CCGCAT-GTTCCGGAATCACCAAAG3' and Int GBSR; 5'CTTTGGT GATTCCGGAA-CATGCGG3') amplified a 96 base pair fragment which was intemal to the 592 base pair product and were used both as internal primers and as probes in Southern hybridisation.
PREPARATION OF TARGET DNA
Extraction of target DNA A standard loop of group B streptococci was inoculated into 20 ml Todd Hewitt broth (Oxoid, Basingstoke) and grown to log phase in a 37°C incubator. Cultures were centrifuged at 4000 x g for 10 minutes. Cells were washed three times in phosphate buffered saline to remove excess polysaccharides. The cells were resuspended in 200,pl mutanolysin to a final concentration of 100 U/ml of TRIS-EDTA (0.5M). Suspensions were incubated for 1 hour at 37°C. DNA was isolated using a rapid method with guanidium thiocyanate salt. The cell material was resuspended in 500 pl GES reagent (guanidium thiocyanate 0-5M and EDTA 0-1M). Ammonium acetate (250 pl) was added and the samples incubated on ice for 10 minutes. Chloroform reagent (500 pul) was added (chloroform:pentanol 24:1) and the sample spun at 13 000 x g for 5 minutes.
Isopropanol (0.54 volumes) was added to precipitate the DNA. The pellet was washed in 70% ethanol. DNA concentrations were determined spectrophotometrically and the purity determined by electrophoresis on a 0-8% agarose gel at 100 volts for 2 hours.
Crude DNA extraction Group B streptococci were prepared as above by growth to log phase in Todd Hewitt broth. After centrifugation the cell pellet was treated with mutanolysin (100 pl) and incubated for 1 hour at 37°C. This preparation was then boiled for 10 minutes and the resulting boilate was centrifuged (13 000 rpm). The supernatant fluid was then used directly for the PCR assay (boilate). The membrane was prehybridised for 4 hours at 42°C in a hybridisation buffer containing 6 x SSC (1 x SSC is 0-15M NaCl, 0-015M sodium citrate), 10 x Denhardt's solution (0.2% weight/volume bovine serum albumin, 0-2% weight/volume polyvinylpyrrolidone, 0-2% Ficoll weight/volume) and 50,pg of denatured salmon sperm DNA per ml.
The labelled oligonucleotide probe was added to the hybridisation buffer at a concentration of 1 ng/ml and hybridisation was carried out for 14 hours at 5°C below the melting temperature of the probe. After hybridisation, the membrane was washed twice for 5 minutes in 6 x SSC -0-1% (weight/volume) sodium duodecyl sulphate at room temperature and once for 5 minutes at the melting temperature of the probe. It was exposed to x ray film at -70°C for 14 hours and the film was developed.
Detection of the C protein gene among group B streptococci using PCR Figure 1 Agarose gel electrophoresis of the 592 base pair PCR product of a number ofgroup B streptococci isolates. 635 2 3 4 5 6 7 1 2 3 4 5 6 7 8 9 1U Lane 1, 123 base pair ladder was used as a molecular weight marker; lanes 2-6 and 9, 592 base pair products from purified DNA; lanes 7 and 8, 592 base pair products from supernatantfluids of mutanolysin treated cells; lane 10, 96 base pair product obtained using internal primers in nested PCR.
Results

DEVELOPMENT OF THE PCR ASSAY
The positions of primers IgAagGBS and RIgAagGBS within the nucleotide sequence of the fi antigen predicted that a 592 base pair fragment would be generated following PCR of group B streptococci chromosomal DNA. Extracted DNA from 119 group B streptrococci strains yielded a 592 base pair product in 75 (63%) of strains. Figure 1 shows the 592 base pair fragment which was the PCR product obtained by both direct extraction of the DNA (lanes 2-6 and 9), and by the boilate methodology (lanes 7 and 8). Lane 10 shows a 96 base pair product obtained by the preparation of internal primers from within the 592 base pair product.
SPECIFICITY AND SENSITIVITY OF THE PCR ASSAY
None of the eight other different Gram positive strains examined produced an amplified product, suggesting a high specificity of this PCR assay (table 1). Figure 2 shows (lanes 4- 11) The PCR assay described has shown that the C protein gene of group B streptococci can be detected in 63% of such strains. Initial studies used purified DNA, but the assay could be simplified by boiling the cells with the enzyme mutanolysin, although the signal of the product was not as consistently strong as with purified DNA. We are currently studying the standard strains of group B streptococci identified by 35S-methionine typing8 to assess whether detection of the protein genes by PCR correlates with the pathogenic strains identified by the new typing scheme. PCR may be useful in identifying all invasive strains of group B streptococci because although the C protein is only found in 63% of group B streptococci strains, the gene for the C protein may be present but not expressed in invasive strains. Collections of invasive strains of the organism are currently under analysis to assess this hypothesis. If it proves valid, this PCR assay will be useful in distinguishing colonising strains from potentially invasive strains of the organism.
